S_mmmmary A study was designed to determine whether oesophageal carcinomas can be induced through reflux of duodenal contents. Male Wistar rats weighing 230 -250 g were divided into three groups according to the surgical procedure performed: (1) the duodenal contents were directed into the forestomach through a stoma (duodeno-forestomach reflux); (2) the duodenal contents were regurgitated into the forestomach through the glandular stomach (duodeno-glandular-forestomach reflux); and (3) a sham operation was performed as a control. Animals were fed standard CRF-1 solid food and tap water that was not exposed to carcinogens and were sacrificed 50 weeks post-operatively. While no neoplasia was observed in any of the 32 control rats, 4/11 (36%) with duodeno-forestomach reflu.x and 3/18 (17%) animals with duodeno-glandular-forestomach reflux developed carcinomas in the lower oesophagus and forestomach. The incidence in each group was significantly higher than in the controls (P<0.01 and P<0.05 respectively). Six of the seven lesions consisted of squamous cell carcinomas, and one was a mucinous adenocarcinoma. Oesophageal columnar epithelial metaplasia was observed in two (18%) of the animals with duodeno-forestomach reflux. Carcinomas were always surrounded by chronic inflammatory changes, including regenerative thickening, basal cell hyperplasia and dysplasia. Additional well-differentiated adenocarcinomas were observed in the prepyloric antrum of 6/18 (33%) animals with duodeno-glandular-forestomach reflux. These findings indicate that chronic reflux of duodenal contents may cause oesophageal carcinoma.
Oesophageal adenocarcinoma frequently occurs in the lower oesophagus, in the bed of the columnar-lined epithelium (Barrett's oesophagus) (Naef et al., 1975; McDonald et al., 1977; Witt et al., 1983; Miros et al., 1991) . This columnarlined epithelium develops in response to gastro-oesophageal reflux (Mossberg, 1966; Halvorsen & Semp, 1975; Gillen et al., 1988; Seabrook et al., 1992) . Thus, the association of adenocarcinoma with gastro-oesophageal reflux is well established. However, there are few data indicating whether squamous cell carcinoma, by far the most frequent type of oesophageal carcinoma, may also occur as a result of reflux. Some clinical evidence supports this assumption. Individuals with a history of gastrectomy occasionally develop squamous cell carcinomas in the lower oesophagus, probably as a consequence of post-surgical reflux oesophagitis (Shearman et al., 1970; Rossi et al., 1984; Maeta et al., 1990; Seto et al., 1991) . Long-lasting reflux oesophagitis following oesophageal hiatus hernia is known to be closely related to the occurrence of oesophageal cancer (Kuylenstierna & Munck-Wikland, 1985) . Epidemiological studies reveal that a form of chronic oesophagitis, which is thought to result from nutritional deficiencies, is the most frequent lesion found in populations at high risk of oesophageal cancer in such areas as Kashmir in India, southern Africa, northern Iran and Linxian and Huixian in China (Crespi et al., 1979; Munoz et al., 1982; Oettle et al., 1986; Goswami et al., 1987; Guanrei & Songliniang, 1987 ). Though still rare in the Orient, oesophageal adenocarcinoma is becoming more common in Western countries, where reflux oesophagitis is also found frequently. Nevertheless, the exact relationship between reflux and oesophageal carcinogenesis remains unknown.
Recent studies of carcinogen-induced oesophageal cancer have demonstrated that cancer is more likely to occur in the presence of duodeno-oesophageal reflux (Pera et al., 1989; Seto et al., 1991; Attwood et al., 1992) . Duodenogastric reflux without exposure to carcinongens has been demonstrated to cause gastric carcinoma in rats (Langhans et al., 1981; Kondo et al., 1984; Theuring et al., 1985; Mason, 1986; Miwa et al., 1992 curvature of the forestomach by end-to-side anastomosis. As a result, the duodenal contents flowed back into the forestomach and oesophagus through the glandular stomach.
Group C: sham operation (n = 33) The control animals underwent simple laparotomy with blunt manipulation of the stomach and small intestine. Anastomosis of the gastrointestinal tract was carried out with interrupted sutures of all layers in a line using 7-0 atraumatic silk-braided sutures. Animals surviving 50 weeks post-operatively were killed for examination by exsanguination under anaesthesia.
Pathology
Immediately after death, the entire stomach was resected along with the oesophagus, duodenum and anastomosed portion of the jejunum. The removed organs were longitudinally incised along the greater curvature and were immediately washed with 10% buffered formalin. With the mucosal surface upward, the margins of the speamen were fixed to a cork plate with pins for macroscopic examination. Specimens were fixed in 10% buffered formalin.
Step sections of the oesophagus, forestomach and glandular stomach at 3 mm intervals were prepared in a longitudinal direction so as to include the diameter of the tumours. These sections were embedded in paraffin, cut into 5im sections and stained either with haematoxylin-eosin or with haematoxylin-eosin and periodic acid-Schiff (PAS) for microscopic examination.
Histological findings of the squamous epithelium were classified into the following five types: 1. Regenerative thickening: epithelial layer is more than 2-fold thicker than the normal, with acanthosis, elongation of papillae and parakeratosis. groups A and C. This difference was significant (P<0.05 and P<0.01 respectively).
Associated lesions Dysplasia (Figure 4 ) was observed in the lower oesophagus and forestomach of group A animals and in the forestomach of group B animals. The incidence of the dysplasia in the forestomach of animals of both groups A and B was significantly higher than in group C (P<0.01 in each group). Dysplasia in the forestomach was frequently found at the anastomotic site. Basal cell hyperplasia ( Figure 5 ) and regenerative thickening were always observed in the regions surrounding tumours, and erosion was found in animals with reflux. The incidence of basal cell hyperplasia and regenerative thickening in animals in groups A and B was significantly higher than in group C (P<0.01 in every case). Basal cell hyperplasia was accompanied by regenerative thickening, which was associated with infiltration of mononuclear cells and eosinophils in the subepithelial layers. These findings were characteristic of chronic reflux oesophagitis. Intramural cysts with hyperplasia were not found in the oesophagus, but were present in the forestomach in ten animals in group A and in six in group B.
In addition, multifocal columnar epithelial metaplasia positive for PAS was found in the base of the epithelial layer of the lower oesophagus in 2 of 11 animals (18%) in group A (Figure 6 ), one of these two being the animal with adenocarcinoma in the forestomach.
Hepatobiliary scinti-scanning Two animals from each experimental group underwent scanning. In the two animals from group A, the bile began to flow into the forestomach after 7 and 9 min. Almost the entire volume of bile was present in the forestomach after 40 and 41 min respectively. Reflux into the oesophagus occurred after 60 and 65 min respectively. In the two animals from group B, the material entered the glandular stomach after 20 and 21 min, and reached the forestomach after 23 and 25 min respectively. No oesophageal reflux was observed during the 90 min examination. In the control animals from group C, trace amounts of intragastric reflux occurred, but the substance entered the jejunum after 7 min in both animals. This study led us to the conclusion that chronic reflux of duodenal contents alone can induce carcinoma in the lower oesophagus and forestomach of rats. The forestomach of the rat is an anatomical extension of the oesophagus and has squamous epithelium that is histologically identical to that of the oesophagus. Rats probably have some type of antireflux barrier between the glandular stomach and the forestomach and between the forestomach and the oesophagus. Nevertheless, duodenal reflux into the stomach and further up into the oesophagus was observed in animal of groups A and B with the scinti-scning. Some previous induced duodenooesophageal reflu studies faied to produce neoplasia in rats without administration of carcinogen (Pera et al., 1989; Seto et al., 1991 (Langhans et al., 1981; Kondo et al., 1984; Theuring et al., 1985; Mason, 1986; Miwa et al., 1992) . In the present study, gastric carcinoma (carcinoma of the prepyloric antrum) only developed in animals whose prepyloric antrum had been directly exposed to duodenal contents (i.e. the duodeno-glandular-forestomach reflux = group B). In addition, hepatobiliary scintiscanning cekarly resolved bile reflux into the forestomach and lower oesophagus, where oesophageal carcinoma developed.
Moreover, it has been reported that duodenal contents promote oesophageal carcinogenesis in rats (Pera et al., 1989; Seto et al., 1991; Attwood et al., 1992) . In contrast, the gastric contents have never been demonstrated to contain carcinogens that can induce oesophageal carcinogenesis (Attwood et al., 1992) . These findings suggest that duodenal contents are more lkely than gastric contents to be the cause of reflux-induced oesophageal carcinoma.
Observations in hunnan and animal studies have indicated that columnar-lined epithelial metaplasia in the lower oesophagus is probably caused by chronic reflux of gastric contents (Mossberg, 1966; Bremner et al., 1970 , Hamilton & Yardley, 1975 . However, the cohlmnar epithelium of Barrett's oesophagus has also been reported to occur after total gastrectomy in which there is no gastnc juice to reflux into the oesophagus (Meyer et al., 1979; Sandvik & Havorsen, 1988) . Other recent studies (Gillen et al., 1988; Waring et al., 1990) showed that patients with columnar-lined lower oesophagus epithelial metaplasia have higher bile acid levels in the stomach than do either patients with reflux oesophagitis without columnar-lined epithelium or normal individuals. The development of complications (stricture, ulceration and dysplasia) in Barrett's oesophagus are suggested to be related to aliah gastro-oesophageal reflux (Attwood et al., 1989) .
These studies suggest that reflux of not only gastric but also duodenal contents which contain bile may play an important role in the development of oesophageal columnar-lined epithelium. In the present study we observed that, with chronic reflux of duodenal contents, columnar-lined epithelial metaplasia arose in the squamous epithelium and that mucinous adenocarcinoma also appeared. Pera et al. (1989) and Attwood et al. (1992) both reported that, in rats, carcinogens such as 2,6-dimethylnitrosomorphine or methyl-namylnitrosamine induce oesophageal squamous cell carcinomas under ordinary circumstances but that in the presence of duodeno-oesophageal reflux they may also be associated with adenocarcinomas. Therefore, in the presence of duodenal reflux, the progenitor cells of the oesophageal mucosa seem to have the potential to differentiate not only into normal squamous epithelium and squamous cell carcinoma, but also into columnar epithelial metaplasia and, as a consequence, adenocarcinoma.
Although further investigation is necessary to resolve the exact mechanism by which reflux induces cancer, the following hypothesis is possible. Chemical irritation by refluxed duodeno-gastric juice causes first acute erosive oesophagitis and destruction of normal squamous epithelium. Denudation of the mucosa stimulates progenitor cells in the basal layers, causing acanthosis as a non-specific response. Further stimulation by the refluxed juices on the regenerative epithelium leads to chronic reflux oesophagitis and associated basal cell hyperplasia. Basal cell hyperplasia implies increased replication of mucosa progenitor cells. The increase in the absolute number of proliferative cells in the mucosa may increase susceptibility to carcinogens presumably contained in the luminal refluxed contents. The close association between enlargment of the proliferative compartment and carcinogenesis has already been confirmed in other organs such as skin, large intestine, pancreas and stomach (Iversen et al., 1970; Oehlert, 1973; Lipkin et al., 1983; Williamson & Rainey, 1984; Howatson & Carter, 1985; Miwa et al., 1993) .
In conclusion, reflux of duodenal contents is an important contributing factor to oesophageal carcinogenesis. The exact mechanism of this carcinogenesis is unclear and requires further investigation.
